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j. iNinoin-v.iio*,’ 


Oiir l:nowlcu.rc of raj:if;i}l ornirviMt'. ovvr the- oceans v.liich rover 
alr.ci.'.l t hrcc- foiirtlis of the c-.irth's surface has aluays heen linlleil hy a 
lad. of (l.ila. The priju*i)*al object ive of this pro" ran uas to increase 
tins Know k\!.",e- base by cat in.it iny. rain- rates over tlie oceans, ntili^inj’, 
data f run tlie r.lect rical ly .^lannin}; Microwave Uadi onet er aboard 

the Nij.ibu:;-:i saiellilc, and to ex.anine (»ccanic rainfall cl ir.atoloy.y . 

The basis oi* tlie inver.i iy.ation is the selective rer.pon.se to liipiid 
water in tlic atnosphcrc of I SMit, ojicrat iny, at I'l..^.'"* Cillr. (I'anJwidih 
2S0 Mlk). because the cnissivitv of water, c . in the vicinity of 
19 CM.', if. lot; ('»' 0.1) and itiver.soly jiroportional to the tlicrnodynnini c 
ter.jtcraturc, T^_, whereas tlic hriyhtnes.s tenperature ns oh.servcd by HSMit 
is proportional to the prode.cl , r T., the oceans provide a convenient, 

W 

nearly uniform bacKyround for the satellite-borne radioncter. V.’ith the 
ndvantayes of a) .selective response to rain, and b) bacKy, round uni- 
formity, the KSV.R .system provides the most reliable and direct approach 
yet Known for the estimation of rainfall over wide uccatiic regions. 
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2. ‘nir 




In 111 is sUkly, it v.is fir 
cal ilijMi ion curve to convert I. 
rales, for lliis |nirjH>r.c, a r.j> 
K.is I'c-r forr.i (1 over a. porioJ of 
CuJilai J ■Sj).icc l li);l'.l Center. ^ ‘ 
frc(iucnc i es of IJl./ia (>11: atul ^ 
<15 ilej'.ree :*.inith .anj’Je. The r 
in Tahlo 1. 


Ih\I)K>' 


l^•lrn’^etcl 


I’requcncy 
Wavelength 
I'aiuh.'idtli 
h“ plane Hearwidth 











(Two r.'iin }:.n:;’c:; of iliffcrml typos k«to ustJ tn' mnswrr tlu- 

9 

rainr.ill iiitci;5ll if.*; concurnrit with iJio r.i.! jo,-i tf r ol)'.( rv;it Ilic 

firiil was a coiu'i nt ional lij'pinj; bm.l.ct rain ;;a\ii*.«* locatcil .'i.ljaccnt to 
llip anltniu I-.our.inr.s. _ ‘Iho imr:.!'('r of lines the Inicl.ft tippr'l was roy.is- 
Icrtal Ity a lonater .Ma! ivcortli'il oji the cor.jniur )»rjnt-out aloiiy.sido l.o 

• radio:;;f U*:' rfadin};s. T!ic* second was I lie vecenlly developed (Uayr.ojii! and 

Vi'iJson, 1U711 clfclrcnic rain intensity y.auy.c with a one-second respcire 
tine, located at a hori:ontal distance of nettrs away fron the 

, radionetevs in the direction of the antce.na he.n.is.^ In this ty)>e i>f raiii 
pauj’.c, r.ieasurenenl is n.ide of tlio ratio of the resistance of rain water 
flowing; in a iroueh between two electrodes sjiaced alonp, the Irouy.h (up , 
to the resistance of the sane rain water in a chanher of fi.xcd y.eonetvy 
(ll^) . Since varies as the resi.stivity divided hy the cross sectional 
•area of the flowing, water while varies only n.s the resistivity, 
is indc])endcnt of resistivity and is proportional to llic cross- sec t i o:wi ] 
area; i.c., it is related only to the rale of flow. Hotli rain j’.aue.es 
were calibrated ae.ainst directly measured flow rates and bolli liad 1)1 cm 
funnel apertures. 

( Data were collected with this arranj’.emcnl from .Tune throuy.li 
Sejiterihcr 107-1.' On all occ.'sions on whicli data were lai.en, the free::in}’, 
level was A i. 0..S l:n. Kith the aid of the lahoraiory calibration curve, 
the volta};c records on chart paper were translated to rainfall rales. 

• 'Ih'e hrii*. Illness tcirporalurcs of the IP.af) and ."i'/.O Cllc radioir.ct ei* 
systems were tabulated ae.ainst r.iinfall intcnsiiies. Tor this )mrpose, 
only those occasions when tlie rain-rate and temperatures were steady for 
two minutes or more were considered, in order to avoid excessive scalier 
in the data. Tlie observations were llien y.rouped under 18 eatey.ories 
accordinj*. to rainfall rale interval.s; 

6 10 categories at 1 mm hr"' intervals from 0 to TO mm lir ', 

9 ^ catej’.ories at 2 m lir"' intervals from 10 to 20 mm hr ', 

» 2 catey.orics at 10 m hr'' intervals from 20 to -10 mm hr'', 


one category e.re.tter tlian -10 mm lir' . 




Id c.ich lal (.‘i;!*!/ ,^thc* r.f.iD .'ind sl.njil.nd «U vj;it Iod mti* iMlcul.itrd 
SfjMjMlcIy respect to Iirijilitnes*;. tciper.it \i re (Tj^ .ti.i1 p,j. I'niul j 

r.iiDfiill (it .Till! n ). ri'Tjre 1 t.lioi.n tlic ve;uU for "S till!' .nid 

FiKiiro 2 tli.it fer .S7.0 (III:, lit both fiipircs, the ViTlic.il lines Mi’d 
horir.oiitnl lines .‘ire eipul in lci[;lh to .1 f.t .Tmlard ilevi.it ions. 

^ Apjiro\i;'.;il iiiii the r.Tili o:;et ric effect in this case by an isotheri..il , 
i.on'scattirii”: l.iyer of abr.oi'hev at a tt;n})er.Tt nre of 27."“K, these 
up;»‘.‘iril viev.“'iij; d.Tt.’i uere convei ted tu i.li.it wa-jK! h.v.'e been (•'b'ervi'i! l*y 

Jt \r-\J . I • - / c* . 1 r ■ .* • • ' • 

the h.SMIt il^ilii.s .itr.osjdiere Kero over water. These data are )>resenied 
in I*i{;nrc .1. 
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4. Ci :;i i-ATior: or 

* 

i!k* ral Ion ciii vr;, :in w.ts rmU* lo r:ip (ut.init; 

rajnfnll on a j’.lol-al scale-. N‘»U- ll»at in aiMnn) pr.Klirc, r.rvoMl 
carnet ion-', aiu! l ie ions to llu* carve-. \.yre necessary, ll.c prni- 
cij'.il na.li S' ic.it ion rct.nliLvl fro:'.‘llic re.il i r.at ion llint ilic sensitivity cif 
the r-.o.lel lo*27.'‘‘K i*.f)ilK-rri lieij.hl was e.’^cessive (pjoltaMy I'ccaw-e 
siiperrooJiil Kaler .•/'.'ivc the I rcerin}’. level was not luleiiiml ely conr. i'lcrei! 
in the J.H»ilel). Ihcn. fore, as a Measure of co:r;;ien:.at ion, .i noJilnsi 
free r.ine.- level juttern with only tlirec step;; of change over the plohe 
had lo he adopted to yield rcason.-iMc results. The imcertai ni i y in 
liartli location c.ui-«.d prohler.s close to land, which could he clininaSed 
hy dir.rei;ardin'; data within 1 decree of coastlines and all si yni f icant 
islands. To avoid assijpjini’ noise altrilut ahlc to factors such as 
surf.acc i.‘ind, \iater v.'ipCir, .’ind non-r.'iininy. clouds as rainf.all, all I.SMIt 
rales rany.ing fro:a 1 ren hr ^ in the tropics to 2 in::i hr in hij’h l.ili- 
tudes were ie.nored, and assu::.i‘d to he noise. Finally, a small correc- 
tion VMS i;;idc for the dc])endcr.cc of hrip.huics.s temper.''. turc on the 
scanning .angle, altliough this is relatively less important here than in 
studies on a smaller spatial or tomporal scale. This correction to tlie 
•brightness tc!.’.peraiurc w.ir> anywlierc from 0 Vo 2*'K. 

The rain-rntc data were av< raged first over a 1-degrcc latitude hy 
1-degrec longitud-v grid and tlu-n again over the .1-degrec latitude hy 
5-degree grid used hy the stall' of the Cothlard Institute of .‘ipace 
Studies (I'.ir.S) in their general circulation r.odel and (ilohal M r.orph.eric 
Uesearcli I’rogran ((i.’dU*) st'wiies fC.Mti’-f.lSS grid). If. in any grid-iell, 
l.nnd jircduninaied (•• 75 rcrceni), rainfall in tlic cell was ignored. 

Proceeding .is ahe.e, najis weio geiier.ilc-d for the jioriod Heeei.her 11, 
1P7.2 (i.e., the day of launch.), liiroiigh the end of I'ehni.ny ir»'.'5 on a 
weeUy, montlily, .'u.d seasonal basis. Annual averages for IP.’d and iPVi 
were also calculated .md charted. Tiu-se paps h.ivi- been coup i led in the 
form of an .Allas (U.io, Abbott and ‘llieon, 1‘d'iO. 
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CO';i’A!J:UA\S lO CO.WI.NI JOW-I I.V ACt^UIIU-Ii IIAIA 


Convont ii-'nril rainfall ilnta ovor ihc orcaw; i t.canc ati-.l, t luMi-l ar'*, 
insnfficiriit ly n-JiaMi- for co:.;;).Jri lions. As is well l.mn.n, slii)> cI'm r- 
vat ions stiftav fron jil itforr.i iii,sial>5 lity anJ so:i-s]>ray j'rol»K-!;is , an.l 
islaiul rcyai t s do not l ojirortnl llio sunoinnliny. occais bt-oaui.c oi'o;;ra;>;ii c 
rffocts rv>.liiV i!»c flow. Novcrilu-lcsu, coi.i]>iri son -.viih ll:o best oblai;;- 
ablc {’.round- 1 nit It data was at tory.tod. 

I'or o.\;iv.j)l f , a danuary I'd’/A i..ij) produced frou I.SV,i< ilala was con- 
partd to a i..ap for the sane r.onih, produced by t’lc Keaiher Service ul 
the Gerr.an lederal R< j)uMic, v/liiih includes sor.ie data over oceans 
apparently extracted fro::j island and shij) observations. Tiiesc uaps sliow 
broad a{:recnent ; both slrow ))rincij)al areas of rainfall to be the South- 
west Indian Ocean, the nid-l'acific and the North Atlantic. The ir.ay.ni- 
tuder. are .ilso conparabie; in tlie Southwest Indian Ocean, the rain rate 
in the naxinun r.iin area is 0.1 rm hr ^ or aOO nn mo (l.SMR) comjiaied 

to the r.O’irlily total of dSO mn (O'cruan data). In the laid-l’aci fie , the 

I;SMk rain-ra. ’ fi{:ures in the rainiest, .areas coir.jHile to 000 mm mo and 
'ISO ran i.'.o i esjH’Ct ively, eonpared to 700 and -ITO in t)'.e German d 'la; 
and in the .North Atlantic 370 nru mo ^ by l.SMIt vs. 200 in the (•erman 
dat a. 

As anotlier exercise, live annuil l.S>MI\ map for 1973 was compared to a 
c 1 i mato 1 0 {’, i ca 1 annual pjav i j>it at ion chart {■’ri’duced by Pr. Kufolpli 
Geip.er. 'Hie fol I o’.»i ny rerions show {’.eneral ap.reemciit in the maxir.a: a) 
r.astein Indian Oci-an and I’.ay of I'enr.al i.ny.nitudes computed at .1,200 i.j! 
yr~^ (I’.SMR) ciimparcd to 2000 to 3O'J0 on Geircr's cliart ; b) China Sea at 
3,600 r .1 yr"^ (hS’lR) compared to 2000 (Geijier) ; c) laiuatorial Pacific 
and Atlantic (i.c., the Int ert ropical Conver{;eiice 2ono (ITC::) at 1 ,rro 

r..n yr‘^ (l.'d'.!;) co;..p.tred to 2,000 (tie i jp. r) ; and d.) Gulf of Alas). a 1 ,SiM 

rca yr~' (I.SMd) compared to 2,000 (Geiyi r). rurthermore, the rej’.ions of 
minima .aie st riKin>'.ly siiailar. Ihey ari' the Nortliwest vsrabian Sea and 
the West coasts ol California, Norlli Africa, Ain.iralia, l>ouj'.h America, 
and .South Africa (the- l.-cst witii Id’’:!? rain r.ites of -100 r..:i yr ^ vs. 
(•eij'.cr's ’ess th.ui ll>0). 


n 


6. !;ovi.*:i..‘;T oi' ivvi:: paiti ii*:'; 

» 

M'jnthly r..i;is of r.iiiif.in rater, .iro r-uit.-ihle for the r.tii.ly of ilif.- 
j))ncer. 0 Ml of rain belir., .imi! of cliir.,.e.‘i in i!ie intenr.ity of the llCIl 
fron r.ontli to r.)jitl». Turt lu rr.ioro, ll.e structure of the IT(‘.;*. or .at 
the asr.oci.aleil rain ]>.iUern - a forhiii}; in the I'acific t:ith tla' rout liern 
linh tr.ory.iny. .a!; it runs southeast with tlio )>ular front - is of intcrert. 
This p.ailern lhn>ws fiirtlu-r lij;ht on the observations of .Seelyc ()ihSh) 
of a ilry none near t!»e Kllioc IsJan.ls in tlic niJ- I'acific. 

In tl>is invest i}iat ion, a ilet.aileJ sUnly of tlie jjroy.rcss of tlie rain 
belts sej'.ai'.afely in each of tlie three i;;.ajor occ.anic areas of tlio world, 
tlie I’acific, Atlantic, and Indian O.'eans was undertaken. 'Iho results of 

P 

lilt* study .are presented in p.rn)ihical form in I'if.uros S through fi, wliich. 
dcj'ict llic nonally averajpal rainfall over the oceans. The rainfall rate 
over tl»c oceans apj)c;irs to he lower in the Soulliern llcini sjthcia! than in 
tlie Northern IIer.)isj)!ierc, )j:irticul:irly in the Atlantic. Tlioro appears to 
be a rcj’.ul.ir cvolutioji of the naxina in tl>c curves with tl»e pvopre.ssio)) 
of tlie seasons. 

In tlie Pacific (l-ipure 5), the ITC" sliows a pcncral di spl acemeni to 
tlio north of the lupiator. Tlio ITC'd is pcrliaps i.ioro sharply defined .and 
,its sc.isonal r.:»vcr.*icnt i.’.ore pronounced in the Atlantic (Pinoso 6). The 
polar front nc.ar is active fron .‘ioptcniher liirouj’.h N'oviT.her, \;lieveas 

its cor.j))e:aenl in the Southern Her;ns]il'.orc, which is apparently weaker, 
manifests its preatest .activity fron M.irch through May. Pi cure 7 slu’ws 
two main crests in the Indian Oce.in, the one at hiplicr latitudes prowinp 
at the e,\pi nse of the other at lower latitu.ler. as tlic monsoon advanci's 
and vice versa as it letreats. I’ipnve S rei>rescnts the j'.lob.il inle- 
praled piv'tuiv'. 

The .‘iiMit liv.est Muisoon affects the lives of iiillionr. of peo|)le in 
Indian an.! .SoulIica;<t Asia. ’Il'e i.cekly maps for May 2D lln'ouph .Tune 1 i , 
JD7.'\ (l-ipures Da, h, and c) , j'ortray tlie onset of the riv'io.oon; tlie two 
weekly m)'s lor (Vtuher .S throuy.li October .21, l'.'7A (Plpiires lOa and !*) , 
show tlie retreat of tlie monsoon . Aecoi di iip to the official Indian 
t.eather :ir.:r.iry, tlie date of onset of the noii'-oon to juniinMil .ir liidi.*, 
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7. email, vrio'.'S and iNiir^yVCDo:.-!; 


Hy c;ircf»il i ji-.pcct iem, il is ])Ossi!'le U» infer local ri milat ion:. 
fro:i the rain j;it terns in the occ;inic ;uca:.. 1-or fxanj)le, in the 
Pacific, interannual co::j>ari son het\:e'.n the austral su;sners of l!)72-7a 
anJ l‘.i7a-71 reveal iliat t)-.cy are’ r.ett oroloy.ical ly very diriCrent 
seasons. In .lamnry 107.'^, I'.SMR rcco»-ded Vh:it intense rainfall occurred 
over a v.iile ref ion alonj: llte rajuator ami to the soilih of it in the riitl*- 
Pacific, which was absent in the .I.Miu.ary 1P7 1 cl.ila (1-if.uror. 11a ami hj. 
The e.xt.ensive ami heavy r.ain in .lanuiry 197.^ Must he .associnteii \.ith 
j)ronou:iccil convection ami a larf.c-scale risiiif. current. Tin:; preeijn- 
tation, together with the dry rcf.ioii of stihsidence off the coast of 
South A'lerica, leads to the concej)t of a jmssiMc inportanl local vari- 
atioi» in the Il.ullcy cell circulation. This could very lil.ely he liidnd 
with the relaxation in uj)welling, coMs.only I.)iown as the 111 Niho j'hon- 
OMcnon, with its disastrous effect on the j)lankton and fish in the 
waters of the Pacific off the west co.'U'.t of South America. 


?0 


JANUARY 1973 JANUARY 1974 





21 


ORIGINAL PAGE IS 
OF POOR QUALHV 


Ccoanic Rr.ir.fall Rates for Two Ccr.sccutiv 


K. I.Mj ;.T I M AT 


Thi‘ r.ilo of lual rclcasr (in Uldjinilrs f.ec S (acli 

ihc i ctll'. is also av.'ii lal'lt*. To )>iivt'at ovc : o i 

iii|; an.l ccnfusion, fi};’ircs liaw- not l'r«‘n !.liout\ on llii* r.Mjis in l! 

r»'Horl, alt)i:*iril» tl-.vy aro availaS'i* in the jirintoins fc»r iho ucl’. i\ , 
ironlMy, , :mu1 .•iiinn.il pciicdl;; (a)‘( hi w.l at ('iOilklart.1 Spaco Mi;,! 

renter'). The latent lieat tlata, together with rainfall tlata, proviile 
useful inj);iis to nui.crical noJelr. ai.J r.il.c jioj.stl lo a hotter inulc)-- 
StanJin^i of tl>c plant tary energy anJ water htnlp.ots. 
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0. Mnvi:j!isT or icr. ,vm) iin; ici; mm: 


Data rt’» laiitiiJfs pr.}fu;'ni oT S2 il(};rccs arc ofti-ii coni anin;M cil I'v 
sea Jet*. Thlr. short coainn coiihl he liiriicJ to aJvantap.o. Tlie st :in«!ar.( 

liSMll rapped data rcprc-sent at ions uljli:.e x's at liir.li latitudes to 

% 

. indicate the position sea ice. hy vcsoiliiijt to a fimr f.rid, llu* 

displacenent of the ice line (especially in the riO.ilhern lle::ii r.pliei-e) can 
1)C followed fren day to day or Keel, to Keel;, .nrrordinr. to recpii renenl «• . 
I’. Cloersen and II. J. Zvally (dSlC) are propaiinr. nn ice-i'oundary atlas 

% 

based on hSMil data. The U. .*i. ?»avy Fleet Keaihor Facility uses these 
data operationally for ice nappiny. It should be ir.enlioned that in the 
present naps the x’s are chajiyed to 0 at very liiyh lati Hides uhcrc the 
fr^r^iny level is :cro and there is no precipitation in litpiid form. 


. % ^ 


10. I.IMH.M lO'.r. AM> rossiiiu: iv.i'i'.i'vi.Mi::rrs 


lltc j'rocn!;in- .mloptc.l lure ir. open to criticir.n in nnny 

respect.';. Tor e.v;inpl_e, jio allowance l.ar. been rriv'e at the presetit r.tape 
for j>o;;r.ible I’.iurnal v;ii ; at ions , bfcanse there is no j'.enerally accejittvl 
pattern of djurn.il variation over i!»e oceans. More inport ant ly , it is 
not easy to cor.ceivc clearly of the physical causes or iricchaiiisM that 
could brine, about diurnal variation over the open sea, althcujji this is 
not to .say that. such variation does not c.xist. I’.er-ausc of thi.s an'J 
several other ir.pcrfect ion.s, no cl.aiin is made for reliability in 
.nhsolulc values of rain rate hotter than a factor of 2, nlthoup.li in a 
relative sense, the values .arc much rare dependable when changes are 
considered. 

Several rorinenents for inprovinp, the results arc possible. The 
principal ones arc: a) ii.'iroviiip. iJjc nodel by adc(|i:ntely considerinj] t in.- 
liquid water above the fvceainc level, b) improvinp. the ephernis and 
spacecraft altituJe and tljcir use to miniiaire h.arth-locat ion error, an'l 
c) investipat inp and corrcclinp the effects of diurnal varj;ilion, if 
significant. 
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u. r..vir; aui a .".m’S 


Al tlio roqui*st of l!ic U. S. Project Office, a set of l-tleerve 
latitude 1)V l-(!i;’.r<o lonr.ituiU rainfall dinrts wen* r.t-ffrat ilK-'-c 
cltnrifi covereJ the area Poumlcil by 10"S to HT'^N aiiJ ir>*'l‘, to and 

conr.isied of .sejvirate d.iytir.c and ni{,btl i::.c observations for e.u'li of tlie 
tlayr. of the Oaie exjerinent, via., 15 .June thronj-.h .^0 Seplet.bor 107-1. 

Prclir.innry staiistieai analysi.*> of I’lcsc raiiifall observations ear. 
also made. The .fij;ures reveal that r.iinfall over oceans near local noun 
is greater thaji that near local ridnipht. The ratio of the day to nipht 
frequency of occurrence is l.-ll, while the day to nipht ratio of rain- 
fall intensity is 1.72. A possible co:nj>oncnt of this variation due to 
instrur.icntal calibration problem (residual effect of the solar cycle on 
.the orbitinp I.SMit circuitry) needs to be investipated and removed before 
the net diurnal variation is assessed. 
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